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Abstract 
Safety performance measures can be obtained either through simulation (based on well specified or calibrated traffic models) or 
experimentally through observational vehicle tracking data. Accurate calibration of traffic models ensures that simulated 
measures of safety performance are reflective of “real world” traffic conditions. The microscopic model, for a case study, allows 
the estimation of road safety performance through a series of indicators, representing interactions in real time between different 
pairs of vehicles belonging to the traffic stream. When these indicators reach a certain critical value, a possible accident scenario 
is identified. For the same case study, safety performance indicators are obtained through a video image processing algorithm for 
vehicle detection and tracking. The accuracy of the algorithm is evaluated with respect to GPS tracking measurements. The 
algorithm adopts a background subtraction-based approach for vehicle detection in 0.1 second increments. Since this approach is 
sensitive to background changes (or noise), a median filter technique has been introduced. Individual vehicles are detected and 
tracked using a region-based approach, whereby a connected zone (or blob) is assigned to each image, which is then tracked over 
time. In case of overlapping, where the designated blob may correspond to several vehicles, a real time sub-routine is accessed 
that manually discriminates each constituent vehicle’s specific position within the blob. Output from the algorithm application is 
expressed in terms of several trajectory descriptors over time, such as position and speed. 
The focus of this paper is on the analysis of road safety from two different perspectives: microsimulation and observational data. 
In this way it is possible to determine how microsimulation reflects “real” driver behavior and traffic conditions for a given case 
study.   
Keywords: safety performance; video image processing algorithm; microsimulation 
1. Introduction 
One of the most common methodologies to estimate safety makes use of inferential statistics applied to crashes 
databases therefore being considered a reactive approach to the problem. Although this method seems to intuitively 
link the causes to effects, a good knowledge of the dynamics of the events preceding the crash may provide a more 
useful support to the implementation of appropriate countermeasures. Moreover, the problems of consistency and 
availability of crash data as well as the methodological challenges posed by the extremely random nature and the 
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uniqueness of accidents have led to the development of complementary approaches to improve road safety 
assessment, such as the observation of traffic conflicts and the use of microscopic traffic simulation.  
Thanks to quick developments in sensor technologies, recent studies have attempted to identify potential safety 
risk scenarios using vehicle image processing techniques. Oh and Kim (2010), through a traffic surveillance system, 
proposed an estimation of rear-end crash potential using vehicle trajectory data taking into account driver’s behavior 
and developing also a statistic model to determine the probability that a vehicle changes lane or not. Saunier and 
Sayed (2008) presented a methodology for the estimation of collision probability for two vehicles at an intersection 
through a vision-based vehicle tracking system. Several algorithms have been developed and implemented 
commercially, such as AutoScope, Citilog and Traficon, that use a  loop detector approach to provide  useful traffic 
information for management and control. Other systems, such as PEEK Video, Trak-IQ and NGSIM-Video, that use 
a vehicle tracking approach, need to be thoroughly calibrated prior to their application. All these systems present 
diverse problems for distinguishing and capturing individual vehicle trajectories over time. In fact, many of these 
systems have been plagued by tracking errors caused by congestion, camera vibration, partial or total occlusion, 
lighting transitions and long shadows linking vehicles together. These problems present significant challenges to 
obtaining reliable observation traffic data for simulation model calibration and validation (Zhang et al., 2007).  
The potential of microscopic simulation in traffic safety and traffic conflicts analysis was initially investigated by 
Cooper and Ferguson (1976) and Darzentas et al. (1980). More recently, a number of microscopic simulation 
models have attempted to explain the sequence of events that gives rise to crashes on a given road segment (Sayed et 
al., 1994; Archer, 2005; Huguenin et al., 2005, Saccomanno et al., 2008). However, for a proper use of microscopic 
simulation it becomes necessary to estimate model inputs such that they accurately replicate safety performance at a 
given location over time. In this way, this methodology is able to determine the complex behavioural relationships 
that could lead to crashes and to establish a link between simulated safety measures and crash risk.  
The objective of this paper is to assess the validity of a microscopic framework to identify potentially unsafe 
vehicle interactions for vehicle movements based on car-following behavior protocol (potential rear-end crashes), 
providing a link between simulated safety performance indicators and observed high risk vehicular interactions.  
The microscopic model developed (TRITONE) provides a framework for simulation modules that can consider 
both freeways and arterials; different traffic scenarios can be reproduced and different simulation models can be 
applied. The simulation tool was developed to overcome limitations of many commercial traffic microsimulation 
packages that are not open sourced, so they are unable to modify simulation procedures, and evaluate traffic safety 
performance. Safety performance indicators, representing interactions in real time between pairs of vehicles 
belonging to the traffic stream, are obtained from the simulation of a sample site and compared with those measured 
at the same site using an application (COSMOS) based on a systematic region-based procedure for extracting 
vehicle trajectories from video capture data. 
The paper is organized as follows. The following section describes the safety performance indicators functional 
form and discusses the basic concepts that the safety performance indicators are based on. Next is a section in which 
the general features of the microsimulation model (TRITONE) and the vehicle image processing algorithm 
(COSMOS) are described, and the subsequent section is focused on the TRITONE and COSMOS application on a 
case study. The paper concludes with some comments and practical recommendations.   
2. Safety performance indicators 
Safety performance indicators represent traffic interactions between vehicles in a traffic stream and highlight 
potentially unsafe traffic conditions. Safety performance indicators provide a causal or mechanistic basis for 
explaining complex time-dependent vehicle interactions that can compromise safety (Hayward, 1971; Minderhoud 
and Bovy, 2001; Huguenin et al., 2005; Saccomanno et al., 2008).  
Safety performance is influenced by a number of traffic and geometric factors, such as driver features and 
conditions (experience, stress, tiredness, etc.), road characteristics (type of road, road surface, geometric features, 
etc.), traffic conditions (volume, speed, density, etc.), vehicle attributes (maneuverability, braking capability, 
stability, etc.), and environment (weather conditions, light conditions, etc.) (Elvik and Vaa, 2004; Ogden, 1996; 
Evans, 1991). In this paper, safety performance is expressed in terms of Deceleration Rate to Avoid the Crash 
(DRAC) and Time to Collision (TTC). 
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A recent PhD dissertation by Archer (2005) has explicitly recognized the relevance of DRAC as a measure of 
safety performance. DRAC explicitly considers the role of speed differentials and decelerations in traffic flow.  
DRAC was defined by Almquist et al. (1991) in terms of the speed differential between Following Vehicle (FV) and 
Lead Vehicle (LV) divided by their closing time. The LV is responsible for the initial action (braking for a traffic 
light/stop sign, changing lanes and/or accepting a gap), while the FV responds to this action by braking. For rear-end 
interactions, the FV deceleration expression is: 
 
 
            (1) 
 
where, 
t = time interval (s) 
X = position of the vehicles (m) 
L = vehicle length (m) 
V = speed (m/s) 
 
DRAC is updated every 0.1 second time interval based on driver reaction from the previous interval based on an 
assumed maximum comfortable deceleration rate. American Association of State Highway and Transportation 
Officials (AASHTO 2004) recommends 3.4 m/s2 as a maximum comfortable deceleration rate for most drivers. 
Archer (2005) suggests that a given vehicle is in traffic conflict if its DRAC exceeds a threshold braking value of 
3.35 m/s2, and this is the value we have adopted as a threshold in this paper. 
TTC can be defined as expected time for two vehicles to reach a common position on the road assuming their 
speed and trajectory remain the same and can be calculated using the following expression: 
 
 
          (2) 
 
where, 
t = time interval (s) 
X = position of the vehicles (m) 
L = vehicle length (m) 
V = speed (m/s) 
 
Time to collision was defined by Hayward (1971) to reflect the time separating a given FV from its 
corresponding LV, where their differential speeds are such that both vehicles are closing in on each other. The basic 
assumption is that the FV maintains its speed despite it’s being on a collision path. When TTC is lower than a 
threshold value of 1.5 seconds (minimum perception/reaction time) suggested by Van der Horst (1991), LV and FV 
vehicles are assumed to be in conflict or in an “unavoidable” collision path.   
3. The microsimulation model 
TRITONE is a microscopic simulator developed according the recent advantages of object-oriented simulators in 
literature and has a very intuitive graphical user interface that allows a quick and easy reconstruction of the 
geometric and traffic parameters of the site under analysis. Some of the data necessary in TRITONE to run a 
simulation can be introduced directly on an orthophoto or a map for an easier representation of the network during 
the input procedure. Nodes can be placed directly on the screen superimposed on the map. The links, that represent 
uniform road sections, can be entered easily by clicking on nodes on the screen and associating properties such as 
initial node (for direction), length, free flow speed, capacity, number of lanes and longitudinal slope. Path flow 
values can be introduced also on a graphical interface. Other optional input can have an important role in the 
simulation: temporary reduction in road capacity due to construction or accidents and traffic control data. Other 
essential input data are the distribution of driver attitude and the distribution of vehicles characteristics. In the 
simulation model each driver is categorized into a driving style type with a desired speed function of free flow 
 ])[(2
)(
,,,
2
,,
1,
tLVtFVtLV
tLVtFVREAR
LXX
VV
DRAC
tFV 
 
 
 tLVtFV
tLVtFVtLV
ti VV
LXX
TTC
,,
,,,
, 
 
220  Giuseppe Guido et al. / Procedia Social and Behavioral Sciences 20 (2011) 217–225
speed. In the simulation, each driver will tend to his desired speed consistently with the link free flow speed and its 
driving style category. Users are generated on each path following a normal distribution for the driving style 
resulting in a normal distribution for the desired speed on each single link. The distribution of speeds will be 
centered on the free flow speed; the result is that, on each link, the free flow speed is the average value for the 
distribution of desired speeds among drivers. 
In TRITONE, drivers following their pre-determined routes interact with other vehicles on the road. The 
simulation maintains a linked list of vehicles in each lane and their space-time trajectories are determined according 
to car following, lane-changing and gap acceptance models.  
The car-following model regulates driver’s behavior with respect to the preceding vehicle in the same lane. A 
free-moving condition occurs when a vehicle is not constrained by another vehicle or if the headway from its 
preceding vehicle on the same lane is more than a pre-defined threshold hf. In this condition the vehicle will 
accelerate or decelerate freely in order to maintain its desired speed. In the car-following regime the space headway 
becomes shorter than hf but longer than a lower threshold hc; the vehicle will take a controlled speed which is 
derived from the relative speed and distance of the preceding vehicle according to different car-following models 
that can be chosen among the following ones:  
x the Gazis-Herman-Rothery (GHR) model (Brackstone and McDonald, 1998) that is sometimes referred to as the 
General Motor car-following model; 
x the model developed by Gipps (Gipps, 1981); 
x an unsymmetrical GHR model (Brackstone and McDonald, 1998); 
x Van Aerde car following model (Van Aerde et al., 1996) that is based on macroscopic road parameters like 
capacity, free speed and critical density; 
x the psycho-physical model developed by Fritzsche (Fritzsche, 1994); 
x the psycho-physical model developed by Wiedemann (Wiedemann, 1974); 
x the FRESIM car-following model (Halati et al., 1997). 
The lane-changing model is divided into three steps: (1) generate the lane-changing desires and define the type of 
changing, (2) select the target lane, and (3) change lane if gaps are acceptable.  
There are two type of lane-changing: mandatory and discretionary. A mandatory lane-changing occurs when the 
lane-changing has to be carried out by a certain position on the current link. Whether a discretionary lane-changing 
can be carried out depending on the actual traffic conditions. An example is a vehicle that would only change lane to 
gain speed if the speed offered by the adjacent lane is higher than a threshold. When a vehicle wishes to change 
lane, it looks for a target lane. Once it has chosen a target lane, it evaluates the “lead” and “lag” gaps in its target 
lane and makes the lane-changing movement immediately if both gaps are acceptable. For discretionary lane-
changing, a gap is acceptable if it is greater than a minimum safety calculated according Gipps model. 
TRITONE provides individual vehicles’ locations and speeds every 0,1 seconds, and can provide point-based or 
loop-based detector measures on headway distribution, flow, occupancy and speed. A 3D graphical animation of the 
vehicles’ movements can also be shown parallel with the simulation, giving the user a direct view of the traffic 
condition on the network. TRITONE can also provide some safety performance measures (Deceleration Rate to 
Avoid a Crash, Time to Collision, Crash Potential Index, Time Integrated Time to Collision, Post Encroachment 
Time, Proportion of Stopping Distance, etc.). According to the Federal Highway Administration, when properly 
formulated, safety performance measures can provide a useful platform from which to identify high risk situations in 
the traffic stream and guide cost-effective intervention strategies. 
4. The vehicle image processing algorithm 
In order to satisfy both the requirements of simplicity and accuracy, the algorithm has adopted a background 
subtraction-based approach for vehicle detection over time (Malinovskiy et al., 2009). Since this approach is 
sensitive to background changes or noise (Jutaek et al., 2009), a median filter technique has been applied. The 
algorithm consists of nine modules: video capture, video import, user initialization, user input, background 
extraction, vehicle detection, vehicle tracking, output, and path reconstruction.  
The video capture is carried out using a mounted high resolution digital camera and the video is imported using 
the import module of the algorithm. In order to provide maximum versatility the algorithm is able to import all video 
formats. The video is decomposed frame-by-frame. In the initialization module, the user needs to identify ground 
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reference points as obtained from a field survey. The image is modified with respect to perspective transformation 
and mapped to a specific detection zone. Background “information” is extracted from the image in the background 
extraction module, based on the median of color of each pixel, after which a sequence of threshold, erosion and 
dilation operations are applied to eliminate noise. Individual vehicles are detected and tracked using a region-based 
approach, wherein a connected zone (or blob) corresponding to each image is assigned by the algorithm. This blob is 
subsequently tracked over time. In case of overlapping, where a blob can correspond to several vehicles, a real time 
sub-routine can be used manually to discriminate each constituent vehicle position within the blob. The output is 
expressed in terms of vehicle trajectory descriptors, such as position, length, speed and acceleration. The algorithm 
also reconstructs individual vehicle trajectories with their corresponding nadir point of view. 
5. TRITONE calibration framework 
TRITONE was calibrated on a two-lane undivided rural highway located in Cosenza (Italy). The road segment 
analyzed consists of a straight stretch of 160 meters; this experimental field was monitored during two typical 
weekday between 9:30 am and 10:30 am, a period coincident with off-peak traffic conditions at this location. Two 
different tests were conducted: during the first test, coinciding with the first experimental survey, traffic flow was 
observed to vary from 392 vph in northbound to 432 vph in southbound, and average speeds were respectively 54 
kph and 53 kph; during the second test, coinciding with the second experimental survey, the observed traffic flow 
was 320 vph in north direction and 328 vph in south direction, and average speeds were respectively 55 kph and 54 
kph. 
The individual vehicle trajectories were recorded by an high definition digital camera and processed by 
COSMOS software described in the previous section. The time increment between sequential frames processed by 
the algorithm was established at 0.1 seconds, which was considered suitable for tracking each vehicle and providing 
safety indicators (Coifman et al., 1998; Heimes and Nagel, 1998; Lin at al., 2003; Hsieh et al., 2006). 
Due to the high resolution images used during the video acquirement stage and, consequently, the large 
computational resources required by the video image processing algorithm, only two video samples of 15 minutes 
were examined to obtain the traffic parameters in the observed field from the two different tests. For each test 10 
runs were carried out to examine the results and to analyze the deviations around the average values. The thresholds 
adopted for the transition from the free-moving condition to the car-following regime and from the car-following 
regime to the close-following condition were, respectively, hf=5 sec and hc=1 sec. Position and speed profiles 
obtained by processing the video images are assumed to provide “true” benchmark values for assessing the accuracy 
of the TRITONE microscopic simulation model. In order to evaluate the goodness of fit between the simulation 
outputs and the observed measurements, two measures of goodness-of-fit were calculated: root mean square error or 
RMSE (Toledo and Koutsopoulos, 2004; Dowling et al., 2004) and root mean square normalized error or RMSNE 
(Hourdakis et al., 2003; Toledo et al., 2003; Toledo and Koutsopoulos, 2004; Ma and Abdulhai, 2002). RMSE and 
RMSNE, that here were applied to the average travel speeds and flows, depend on the squared difference, and hence 
are more appropriate than the other measures for analyzing the errors in the context of stochastic traffic modeling. 
Observed and simulated speeds and flows were compared every 60 seconds; therefore, for each test, in order to 
evaluate RMSE and RMSNE, 15 time intervals were used.  
 
RMSE =          (3) 
RMSNE =          (4)
     
where: 
xi = simulated measure 
yi = observed measure 
N = number of evaluation time intervals. 
The analysis of simulation’s outputs compared with observed speeds and flows, link by link, shows that: 
x in the first test, the average RMSE in travel speed estimation is 12.58 kph, in link 1, and 13.92 kph, in link 2, 
while the average flow RMSE is 81 vph and 80 vph, respectively for link 1 and link 2. In terms of RMSNE, we 
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registered the values of  0.26 (link 1) and 0.24 (link 2) for the speed, and 0.39 (link 1) and 0.40 (link 2) for the 
flow.  
x in the second test, the average RMSE in travel speed estimation is 13.98 kph, in link 1, and 8.27 kph, in link 2, 
while the average flow RMSE is 53 vph and 35 vph, respectively for link 1 and link 2. The average RMSNE of 
the travel speed is 0.33 for the link 1 and 0.14 for the link 2; the average flow RMSNE is 0.31 (link 1) and 0.08 
(link 2). 
On the basis of the previous results it could be assumed that TRITONE reproduce with an adequate goodness of 
fit vehicles interactions and hence, with its support, it is possible to estimate also safety performance indicators. The 
case study involves an application on a rural highway. However, TRITONE can be applied to analyze traffic 
conditions and vehicle interactions in different geometric elements of a road network such as, for example, 
signalized intersections or roundabouts. 
6. The application of TRITONE in road safety performance analysis   
The application of TRITONE was carried out on the same road segment used for the calibration framework, 
considering a different vehicular flow sample collected during a typical weekday between 9:45 am and 10:00 am, a 
period coincident with off-peak traffic conditions at this location. The observed traffic flow was 410 veh/h in south 
direction (link 1) and 370 veh/h in north direction (link 2). The analysis of safety performance, expressed in terms of 
DRAC and TTC, was carried out considering 196 vehicle paths both for Northbound and Southbound directions. 
Afterwards, the observed scenario has been simulated through TRITONE using all the behavioral models 
implemented in the software. Due to the random assignment process, TRITONE generates different outputs in every 
run; hence 10 runs were carried out to examine the results and to analyze the deviations around the average values. 
The results relating to the southbound link (link 1) and the northbound link (link 2) are reported in tables 1 and 2. 
Table 1: TTC values (sec) obtained from 10 simulation runsa 
 
Link # veh. General Motors 3 Van Aerde Fritzsche Wiedemann Gipps Fresim/INTRAS 
Run 1 1 103 40,50 56,50 18,32 27,26 54,26 16,85 
2 93 42,45 52,26 17,16 19,56 52,74 14,93 
Run 2 1 103 44,62 46,12 14,24 17,14 62,10 
21,71 
2 93 38,08 52,85 16,61 18,82 69,68 17,27 
Run 3 1 103 39,41 60,95 16,84 20,56 56,09 17,76 
2 93 38,29 46,75 16,68 19,70 50,54 14,24 
Run 4 1 103 43,63 64,80 18,86 21,97 44,48 
17,13 
2 93 35,63 50,60 19,89 21,83 62,54 15,96 
Run 5 1 103 37,40 54,91 19,49 23,02 67,18 21,22 
2 93 37,99 53,96 16,62 20,31 58,62 16,54 
Run 6 1 103 41,85 57,97 15,65 19,74 69,88 
18,35 
2 93 39,49 43,26 16,99 21,28 51,98 15,98 
Run 7 1 103 44,91 51,04 20,50 23,66 68,53 17,27 
2 93 39,51 51,35 18,00 21,27 56,00 16,49 
Run 8 1 103 40,29 54,64 17,00 23,36 59,14 16,09 
2 93 41,50 51,43 15,65 21,30 66,79 16,91 
Run 9 1 103 40,80 59,65 17,80 23,73 58,57 19,29 
2 93 39,33 49,80 17,75 17,69 45,45 15,08 
Run 10 1 103 42,68 51,36 19,42 23,54 65,71 16,04 
2 93 41,89 59,60 14,83 19,54 58,22 16,82 
Average 1 103 41,61 55,80 17,81 22,40 60,60 18,17 
2 93 39,42 52,19 17,02 20,13 57,26 16,02 
St. Dev. 1 103 2,39 5,44 1,91 2,75 7,80 
1,99 
2 93 2,08 4,33 1,37 1,31 7,53 0,98 
              aObserved values are 10,59 secs for link 1 and 9,92 secs for link 2 
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Table 2: DRAC values (m/sec2) obtained from 10 simulation runsb 
Link # veh. General Motors 3 Van Aerde Fritzsche Wiedemann Gipps Fresim/INTRAS 
Run 1 1 103 0,12 0,53 0,23 0,29 0,21 0,25 
2 93 0,11 0,64 0,21 0,25 0,36 0,28 
Run 2 1 103 0,08 0,36 0,17 0,18 0,37 
0,27 
2 93 0,11 0,55 0,13 0,32 0,22 0,26 
Run 3 1 103 0,09 0,44 0,16 0,30 0,24 
0,25 
2 93 0,07 0,53 0,13 0,17 0,25 0,27 
Run 4 1 103 0,11 0,45 0,19 0,22 0,18 0,23 
2 93 0,08 0,50 0,14 0,21 0,21 0,45 
Run 5 1 103 0,08 0,45 0,26 0,36 0,24 
0,22 
2 93 0,11 0,61 0,16 0,19 0,20 0,31 
Run 6 1 103 0,09 0,41 0,16 0,34 0,18 
0,24 
2 93 0,08 0,66 0,16 0,33 0,22 0,30 
Run 7 1 103 0,09 0,60 0,19 0,35 0,25 0,22 
2 93 0,08 0,52 0,18 0,31 0,24 0,39 
Run 8 1 103 0,11 0,41 0,17 0,36 0,25 0,30 
2 93 0,08 0,48 0,17 0,30 0,20 0,32 
Run 9 1 103 0,11 0,38 0,16 0,20 0,24 
0,26 
2 93 0,07 0,75 0,14 0,27 0,35 0,34 
Run 10 1 103 0,08 0,38 0,14 0,17 0,22 
0,35 
2 93 0,08 0,44 0,16 0,78 0,41 0,32 
Average 1 103 0,10 0,44 0,18 0,28 0,24 0,26 
2 93 0,09 0,57 0,16 0,31 0,27 0,32 
St. Dev. 1 103 0,02 0,07 0,04 0,08 0,05 
0,04 
2 93 0,02 0,09 0,02 0,17 0,08 0,06 
          bObserved values are 0,44 m/sec2 for link 1 and 0,47 m/sec2 for link 2 
The average values of safety measures indicate not many unsafe situations occurred during the survey. This can 
be explained by the low volumes observed that produced not many vehicles interactions in both directions.  
By analyzing the outputs of the simulations and comparing them to the observed values it is evident that 
TRITONE provides the best estimates in terms of TTC when it uses a psychophysical models (Wiedemann and 
Fritzsche) or FRESIM/INTRAS model, while the application of the other car-following models tends to 
overestimate the observed values for both links 1 and 2. Nevertheless, the results of the simulations performed by 
using all the above mentioned models show vehicles interactions safer than the observed ones.       
On the other hand, the only model that provides DRAC simulated values comparable to the observed values is 
Van Aerde model, while the other models underestimate the collision risk with average values of DRAC markedly 
lower than the benchmark values.  
7. Conclusions 
Microscopic simulation models are a powerful and a valid instrument which can be applied in crash prediction 
and evaluation of safety performance. However, in order to analyze traffic phenomena and to reproduce them with a 
good fidelity through detailed representation of individual vehicle/driver behaviors, a rigorous calibration and a 
validation of the models are necessary.  
This paper presents a microscopic simulation model (TRITONE) that, through a specific module, identifies 
anomalies in driver behavior that may be the cause of crash occurrences. In particular, this microscopic simulation 
model has been calibrated and applied to a two-lane undivided rural highway in order to analyze traffic safety 
conditions in terms of two safety performance indicators (DRAC, TTC). Vehicle tracking data obtained by applying 
a video image processing algorithm (COSMOS) were used to calibrate the simulation model.  
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The results of the applied methodology are focused only on the accuracy and reproducibility of the simulated 
output (TTC and DRAC) and not on how these performance measures reflect actual crashes. A future direction for 
this research could be addressed to acquire observational data from other sources improving the transferability of the 
results of the calibration (i.e. stop controlled intersections and roundabouts) and establishing a statistical link 
between observational crash occurrences and simulated safety measures. 
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